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Abstract
The cerebral distribution of 2-[18F]fluoro 2-deoxy-D-glucose (FDG) uptake in a patient with opsoclonus was measured by
positron emission tomography (PET) and subsequently compared with the distribution in ten normal subjects. Statistical
parametric mapping (SPM) revealed a decreased occipital FDG uptake in the patient, particularly at the posterior bank of the
parieto-occipital sulcus (putative visual area PO:V6), in the region ventrally bordering V5, and anterolaterally in the calcarine
sulcus. Such a specific pattern of occipital deactivation may indicate that opsoclonus suppresses the processing of visual motion
along the magnocellular pathway. This is in agreement with normal saccadic suppression which has been proposed to contribute
to the perception of a stable visual space. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
The recent observation of visual cortex deactivation
in a patient with opsoclonus has led to vestibular
activation experiments with PET, which provide sup-
port for the concept of an inhibitory effect of vestibular
stimuli on visual cortex processing (Wenzel, Barten-
stein, Dietrich, Danek, Minoshima, Ziegler, Schwaiger,
& Brandt, 1996; Brandt, Bartenstein, Janek, & Dietrich,
1998). This effect is thought to contribute to the percep-
tion of stable vision during saccadic eye-movements
and movements of the head. In the present study, we
show the PET findings of a man aged 33, who had 3
months of opsoclonus of unknown origin. The question
we pose in this paper is whether a specific deactivation
can be found in extrastriate cortical areas involved in
the visual perception of motion. To that end, the
distribution of cerebral FDG uptake in the patient was
compared with a group of normal scans.
2. Patient history and methods
The main complaints of our patient were vertigo,
unsteady gait and problems of mental concentration.
Physical examination revealed the oculomotor distur-
bances that are specified in the following paragraph,
without other symptoms that might indicate a focal
lesion in the brain. In particular the visual fields were
intact. MR Imaging, EEG and blood examination were
normal. Spinal fluid showed a minor increase of
mononuclear leucocytes, normal glucose and protein,
although the immunoglobulin-G fraction was relatively
increased compared to its fraction in serum. Anti-viral-
and anti-neuronal antibodies remained negative. No
indications of systemic disease or malignancy were
found. Possible causes of opsoclonus that might be
compatible with the findings in our patient include
(para-)viral encephalitis, paraneoplastic effects of an
unknown tumour, and the intake of undetermined tox-
ins (Leigh & Zee, 1991).
Electronystagmography revealed severe disinhibition
of the saccadic oculomotor system. Series of uninter-
rupted spontaneous saccades were predominantly in the
horizontal plane, but a vertical component was repeat-
edly present (Fig. 1) extending the characteristics of
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Fig. 1. Electronystagmography of spontaneous eye movements during
an attempt to central fixation. Horizontal excursions (indicated in
degrees) are recorded from bitemporal leads, vertical movements are
recorded from the left eye.
interpolation to 43 planes. This resulted in images with
approximately cubic voxels. These images were spatially
normalised by transformation into a standard anatomi-
cal space (Talairach & Tournoux, 1988), using the
protocol of the SPM95 package (Friston, Ashburner,
Poline, Frith, & Frackowiak, 1995a), and subsequently
smoothed (10 mm FWHM). Images were normalised to
the same mean global uptake value. Descriptive statisti-
cal analysis was then performed in order to see whether
indeed variance among the 11 scans was dominated by
a pattern that contrasted the patient to the 10 control
subjects (Friston et al., 1994). In subsequent testing of
the hypothesis about regionally specific decreases in the
patient study, the patient effect estimated according to
the general linear model at each voxel, was contrasted
to the control study (Friston, Holmes, Worsley, Poline,
Frith, & Frackowiak, 1995b). The data-set was thus
treated in SPM formalism as a multi-study design (two
studies) with replications (ten subjects in the control
study), whereas one condition was assigned to each
study. The whole brain volume scanned was searched
for changes in regional metabolism. In order to evalu-
ate the expected decreases in specifically the occipital
lobe, the statistical threshold was set at P0.05 (un-
corrected for multiple comparisons).
3. Results
The cerebral distribution of FDG uptake in the
patient showed a relative decrease in the occipital cor-
tex (Fig. 2). No focal lesions were seen. At the occipital
pole, which was regarded to represent area V1 (Clarke
& Miklossy, 1990), uptake was 77% of the mean uptake
sampled in 12 regions comprising frontal and top pari-
etal cortex, basal ganglia and the cerebellum (with
standard deviation 10% of the mean). Uptake in the
extrastriate visual cortex was 62% of that mean value.
These measurements, taken from small circular regions
of interest, are provided to illustrate the magnitude of
flutter into opsoclonus (Leigh & Zee, 1991). Amplitudes
did generally not exceed 10–15°. Other characterising
aspects were that eye closing had a suppressing effect
on the spontaneous eye movements, pursuit ability was
severely impaired and an optokinetic nystagmus could
not be provoked. Voluntary saccades were easily made.
The PET studies were performed with a Siemens
ECAT 951:31 camera (31 planes; axial field of view
10.8 cm). After injection of 370 MBq FDG the patient
remained for 30 min in a darkened room with his eyes
closed. Subsequently a 30-min lasting static PET study
was performed. Attenuation correction was done by
application of a separate ellipse algorhythm. The im-
ages of ten control subjects (five male, five female;
mean age 41, S.D. 11 years) were attenuation corrected
from a measured transmission scan. These dynamic
PET studies included arterial blood sampling and were
performed with the subject’s eyes closed.
Differences in regional uptake of FDG among the 11
scans were analysed with statistical parametric mapping
(SPM, version 1995, Wellcome Department of Cogni-
tive Neurology, London) (Friston, Frith, Liddle, &
Frackowiak, 1991; Friston, Worsley, Frackowiak,
Mazziotta, & Evans, 1994; Worsley, Evans, Marrett, &
Neelin, 1992). Firstly, planes were reformatted into a
128128 pixel field with a pixel size of 2.22.2 mm,
whereas the original planes were transformed by linear
Fig. 2. PET transverse brain sections indicating the distribution of FDG in the patient brain. The sections 17 and 20 show decreased FDG uptake
in the occipital (extrastriate) cortex.
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decreased visual cortex uptake in the distribution of
radioactivity shown in Fig. 2. They were not used for
further statistical analysis.
Principle component analysis revealed that 92% of
variance among the 11 scans was explained by a pattern
that discriminated the patient from the ten controls
(Fig. 3). When the patient scan was contrasted to the
ten control scans, significant extrastriate decreases (PB
0.05, uncorrected for multiple comparisons) were found
bilaterally at the posterior bank of the occipito-parietal
sulcus (Fig. 4A,B), bilaterally in the fusiform gyrus
(Fig. 4G,H) and in the left lingual gyrus (Fig. 4F). Two
foci of decreased FDG uptake were located at an
anterolateral position in the calcarine sulcus (Fig.
4C,D) although, particularly on the right side (D), a
relation with deep sulci from the lateral convexity of
the cuneus could not be ruled out. At the anterior bank
of the occipito-parietal sulcus, i.e. lateroposteriorly in
the precuneus of the superior parietal lobe, two foci of
deactivation (Fig. 4E and the superior extension of D)
could unmistakenly be distinguished from the occipital
deactivations A and B at the posterior bank. The foci
of occipital FDG decreases are summarised in Table 1.
After correction for multiple comparisons, no statisti-
cally significant differences were found. As we had only
formulated a distinct hypothesis for decreased FDG
uptake in the occipital cortex, we only reported the
decreases observed in this part of the brain (Friston et
al., 1991).
4. Discussion
The pattern of regional cerebral metabolism in our
patient indicated an association between involuntary
saccades and deactivations in two extrastriate cortical
regions, bilaterally. The positions of these foci indicated
that we were dealing with deactivations in areas in-
Fig. 3. Principle-component analysis shows that the profile of regional FDG uptake in the control group (ve; observations 1–10) is associated
with relatively increased uptake in the extrastriate visual cortex, as compared to the distribution in the patient brain (observation 11). In other
words, extrastriate FDG uptake in the opsoclonus patient is reduced as compared to the distribution in normal subjects. The coordinates of the
orthogonal projection diagram are given in millimetres relative to the middle of the anterior commissure and indicate the size of the stereotaxic
box. VAC and VPC are the verticals traversing the anterior and posterior commissures.
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Fig. 4. SPM(Z) of occipital FDG decrease after comparing uptake in the patient brain with ten normals. The foci of deactivation are projected
on a standard MR image. The sections are made at the given distance to the middle of the anterior commissure, with positive x, y and z
coordinates indicating a position respectively right, anterior and superior to it. The foci denoted A and B represent putative area PO:V6 at the
dorsal bank of the occipito-parietal sulcus, i.e. in the mediosuperior cuneus (bilaterally). (C,D) Anterolateral calcarine sulcus, with D extending
superiorly in the right parietal cortex. (E) Lateroposterior precuneus of the left superior parietal lobe. (F) Right lingual gyrus. (G,H) Ventral V5
satellite (bilaterally). R indicates the right side of the brain. Coordinates and Z-scores of the depicted regions are reported in Table 1.
volved in processing particular aspects visual motion.
The first focus of deactivation was on the fusiform
gyrus, ventral to the motion area V5, at the position
where activation induced by radial optic flow has been
found (De Jong, Shipp, Skidmore, Frackowiak, &
Zeki, 1994). Optic flow is the wide-field movement
of the retinal image during movements of the observer
(Gibson, 1950; Warren & Hannon, 1988). The retinal
presentation of similar optic flow stimuli to an ob-
server in rest provides the sensation of self-movement.
This ventral V5 satellite may thus be a good candidate
to participate in the interchange between visual and
oculo-vestibular information contributing to the
perception of either external movement or self-move-
ment.
The second focus of deactivation was on the poste-
rior wall of the parieto-occipital sulcus. Coherent ef-
fects in both a ventral V5 satellite and along the
parieto-occipital sulcus may be associated with the
analysis of wide-field motion on the retina providing
spatial parameters for either limb- or eye movements, if
one assumes functional similarity with the monkey
brain. The V5 satellite MST is particularly sensitive for
optic flow stimuli (Tanaka & Saito, 1989; Duffy &
Wurtz, 1991). Area PO:V6, located on the anterior
bank of the macaque occipito-parietal sulcus (Zeki,
1986; Colby, Gattas, Olson, & Gross, 1988), is a visual
area interconnected with MST, parietal- and premotor
cortices, with visuomotor functions that indeed indicate
a prominent role in coordinate transformations from
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the retinal input into a reference frame for program-
ming both eye- and upper limb movement (Tanne,
Boussaoud, Boyer-Zeller, & Rouiller, 1995; Galletti,
Fattori, Battaglini, Shipp, & Zeki, 1996). The second
focus of deactivation, although observed on the poste-
rior bank of the occipito-parietal sulcus, might thus be
a candidate for the human equivalent of PO:V6 (Zilles
& Clarke, 1997; see further discussion).
In the PET study of De Jong et al. (1994), radial
optic flow, which gives the impression of forward mo-
tion in depth, activated the ventral V5 satellite in
association with the lateroposterior precuneus of the
superior parietal lobe. Brandt et al. (1998) applied
rotatory optic flow as visual stimulation in their PET
study. They found that, in comparison with random
visual motion, circular vection deactivated V5 but acti-
vated a region medially at the posterior bank of the
occipito-parietal sulcus, at a position similar to the
deactivation we found in the present study. In addition
to the sensation of rotatory self-movement, the subjects
in the study of Brandt et al. made (rotatory) eye
movements. Eye movements were not elicited by radial
optic flow which may provide an argument for oculo-
motor function of the posterior bank of the occipito-
parietal sulcus. This conclusion is further supported by
the association between activation of this putative area
PO:V6 and voluntary saccades made in the dark (Law,
Svarer, Rostrup, & Paulson, 1998), thought to reflect
processing of spatial information needed for directing
eye movements. In the V5 paper of Watson, Myers,
Frackowiak, Hajnal, Woods, Mazziotta, Shipp, and
Zeki (1993), activation related to viewing a moving
chequer board pattern is also demonstrated dorsally at
the posterior bank of the parieto-occipital sulcus, sup-
porting its role in motion processing. Considering the
arguments discussed above, one might even speculate
that this co-activation with V5 reflects a contribution to
oculomotor function avoiding ocular pursuit by fixating
a small square at the centre of the screen.
The occipital distribution of deactivations further
included the location we interpreted as the anterolateral
part of the calcarine sulcus (area V1). This anterior part
is known to receive the projection of the peripheral
retina (Fox, Miezin, Allman, Van Essen, & Raichle,
1987; Horton & Hoyt, 1991), whereas the fovea projec-
tion is to posterior striate cortex. The latter did not
show significant metabolic decrease with SPM. The
anterolateral position of deactivation is an argument
against the notion that this location might be regarded
to represent area V2 or even dorsal V3 (Clarke &
Miklossy, 1990; Shipp, Watson, Frackowiak, & Zeki,
1995; Tootell, Mendola, Hadjikhani, Ledden, Liu, Rep-
pas, Sereno, & Dale, 1997). Deactivation of specifically
the peripheral visual field projection to V1 supports the
view that opsoclonus inhibits visual motion processing
along the Magnocellular pathway (Zeki & Shipp, 1988;
Van Essen, Anderson, & Felleman, 1992). Indeed, also
in the condition of normal saccades, the Magnocellular
pathway is selectively suppressed with sparing or even
enhancement of the Parvocellular pathway (Burr, Mor-
rone, & Ross, 1994).
In the PET studies discussed above, eye movements
were associated with either activation or deactivation of
a specific occipital region such as putative PO:V6. This
may look contradictory. However, the PET measure-
ment of spatially distributed radioactivity takes about
one minute for oxygen-15 labelled water, and even
longer for FDG. The study of voluntary saccades in
such a time frame of data acquisition inevitably in-
cludes the intervening intervals in which the representa-
tion of visual space is updated. The absence of such
intervals in opsoclonus implies that the tracer distribu-
tion is dominated by its relation with uninterrupted
saccades. Indeed, the sum effect over time in a specific
region of the visual cortex may be dependant on the
balance between actual eye movements, the length of
the intervals in between, and the presence of visual
stimuli (Andersen, Jenkins, Brooks, Hawken, Frack-
owiak, & Kennard, 1994; Paus, Marrett, Worsley, &
Evans, 1995; Law et al., 1998). In the pathological
condition of opsoclonus this sum effect was
deactivation.
Table 1
Foci of occipital deactivation related to opsoclonusa
Brain region Talairach coordinates
x y z (Z-score)
(3.89)14A. Right mediosuperior 82 32
cuneus (PO:V6)
12 78 32 (2.59)B. Left mediosuperior cuneus
(PO:V6)
C. Left anterolateral 76 (3.91)22 4
calcarine sulcus
D. Right anterolateral 16 (3.18)7228
calcarine sulcus
20 64 28 (2.42)E. Left lateroposterior
precuneus
16F. Right lingual gyrus (V2) 80 8 (2.74)
(2.96)G. Right fusiform gyrus 48 62 12
(ventr. V5 satellite)
42 66 16H. Left fusiform gyrus (2.61)
(ventr. V5 satellite)
a Occipital areas with significant decrease in FDG uptake by
SPM[Z ] (PB0.05, uncorrected), comparing the patient scan with the
scans of ten control subjects. The table reports the coordinates (in
mm) and Z-score of the most significant pixels within each focus of
activation. Positive x, y and z coordinates indicate locations respec-
tively right, anterior and superior of the middle of the anterior
commissure. The capitals A–H refer to the foci of deactivation in Fig.
4.
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